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(57) ABSTRACT

Provided is a method including providing a population of
cells including a target type of differentiated cells having a
pre-identified cytoskeletal profile and at least one cell
selected from undifferentiated cells, differentiating cells and
differentiated cells being different from the target type of
differentiated cells; and incubating the population of cells
with a cytotoxic agent, in an amount and for a time period
effective to form a modified population of cells including
predominantly or consisting essentially of the target type of
differentiated cells. The pre-identified cytoskeletal profile
can include the presence of class III p-tubulin on neuronal
cells and the population of cells includes neural cells and
neuronal cells.

10 Claims, 4 Drawing Sheets
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1
METHODS OF OBTAINING CELL
POPULATIONS ENRICHED WITH DESIRED
CELLS

FIELD OF THE INVENTION

This invention relates to methods for obtaining from stem
cells, cell population enriched with a desired cell type, e.g.
with dopaminergic cells.

BACKGROUND OF THE INVENTION

Regenerative cell therapy of the nervous system is an
emerging promising mode to of therapy. Pluripotent stem
cells such as human embryonic stem cells (hESCs) or induced
pluripotent stem (iPS) cells may serve as an unlimited source
of neurons for transplantation into the nervous system. How-
ever, transplantation of pluripotent stem cells-derived neu-
rons may be complicated by the presence of contaminating
undesired cells within the transplanted neuronal population.
These undesired (contaminating) cells may give rise to the
formation of teratoma tumors, and tumors comprised of pro-
liferating neural precursors/progenitors (NPs). In addition,
the undesired cells may be the origin of undesired, non-
neuronal, cells within the grafts such as neural precursors,
non-neural cells or tissues, as well as various glial cells such
as astrocytes, microglia or oligodendroglial cells.

Human adult neural stem cells (NSCs) or progenitor cells
derived from the brain of aborted fetuses or post natal brain at
any age may serve as a source of neurons for transplantation
therapy. Nevertheless, transplantation of neurons derived
from such cells may also be complicated by the presence of
contaminating cells within the transplanted neuronal popula-
tion. These contaminating cells may also give rise to the
formation of tumors comprised of proliferating NSCs or neu-
ral precursors/progenitors (NPs)!'), and to the presence of
unwanted non-neuronal cells within the graft such as
NSCs &NPs, as well as various glial cells such as astrocytes,
microglia or oligodendroglial cells.

Parkinson’s disease is one example of a condition that may
be treated with cell therapy. However, complications that can
arise due to the presence of unwanted cells within neuron
transplants. Specifically, cell transplantation of dopaminergic
(DA) neurons is an attractive therapeutic approach for Par-
kinsonism, aiming towards restoration of the DA innervations
in the affected striatum. Transplantation of fetal mesencepha-
lic tissue in humans showed improvements in some patients.
However limited availability of fetal tissue and ethical issues
stress the need for alternatives. hESCs may serve as an inex-
haustible resource for DA neurons. Several groups have
developed and perfected various protocols for derivation of
DA neurons from pluripotent stem cells/*P->, Yet, teratoma
and neural tumor formation by pluripotent cells and prolif-
erative NPs was demonstrated after transplantation of hESC-
derived progeny into animal models of Parkinson’s
disease!® 71. These hurdles impede any prospective clinical
use of such cells.

Several strategies have been employed so far to avoid ter-
atoma, neural tumor formation, and the existence of
unwanted cells within transplanted cell population including,
negative and positive selection methods using fluorescence-
activated cell sorting (FACS), magnet activated cell sorting
(MACS), and immuno-panning all of which require labeling
of cell-surface markers for live cell selection. However, spe-
cific cell surface markers for labeling desired cell types may
not be available or known. For example, in the case of select-
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ing DA neurons for transplantation in Parkinson’s disease, a
DA neuron-specific cell surface marker has not been identi-
fied yet.

To overcome the above problem, genetically modified cell
lines have been used. For example, cells expressing green
fluorescent protein (GFP) or antibiotics resistance driven by
tyrosine hydroxylase (TH)®! or PitX3!®! promoters that
enable antibiotics selection or FACS sorting of transgene-
expressing cells were developed for the selection of DA neu-
rons for transplantation in animal models of Parkinson’s dis-
ease.

Another strategy to enrich for a desired neuronal subtype,
which is also based on genetic modification, is forced expres-
sion of transcription factors which have a key role during
embryonic development of the desired neuronal subtype. For
example, Lmx1a in human neural progenitors promotes DA
neuron differentiation™!. However, the above enrichment and
selection methods require genetic modification of the cells
and therefore are less likely to be clinically applied.

An additional promising application of stem cells is their
utilization for drug discovery, and screening of compounds
for potential differentiation, survival, therapeutic, teratogenic
or toxic effects. Both human ESCs and iPS cells may be
utilized to model diseases. For example, human ESCs derived
from preimplantation diagnosed affected embryos are used to
model the inherited disease that they carry. Human ESCs may
be genetically modified to model genetic disorders. Human
iPS cells may be derived from patients with both inherited
diseases as well as disease of unknown/multifactorial etiol-
ogy. Differentiated neurons derived from theses pluripotent
stem cell models may serve to model the pathogenesis of
neural disorders and for the development of new drugs. How-
ever, the neuronal cells that are obtained after spontaneous or
induced differentiation of pluripotent stem cells are contami-
nated by undifferentiated stem cells, non-neural cells, neural
precursors and glia cells. These contaminating cells interfere
with the utilization of the neurons for studying the pathogen-
esis of neural disorders, drug discovery, including high
throughput screening of compounds for neuroprotective and/
or therapeutic effect.

An alternative source for neurons may be transdifferentia-
tion of somatic cells by forced expression of transcription
factors. Fibroblasts could be converted by this approach to
various types of neuronal cells?>).

Neurons that are generated through transdifferentiation
may be utilized for multiple applications including toxicol-
ogy, drug discovery, basic research and cell therapy. Never-
theless, the neurons that are obtained following transdiffer-
entiation are mixed with non-neuronal cells such as the
somatic cells of origin and others. The presence of contami-
nating non-neuronal cells interferes with the use of the trans-
differentiated neurons for the various applications.

SUMMARY OF THE INVENTION

The present invention provides a method for obtaining a
population of cells enriched with, or predominantly consist-
ing of differentiated cells that exhibit a pre-identified cytosk-
eletal profile. The profile defines resistance of the differenti-
ated cells to a cytotoxic agent.

In one particular embodiment, the cytotoxic agent is an
apoptosis inducing agent and the method of the invention
induces selective death of cells in the cell population that are
sensitive to the apoptosis inducing agent, thus, maintaining
only cells that exhibit the pre-identified cytoskeletal profile

The pre-identified cytoskeletal profile encompasses the
existence of absence of a cytoskeletal component.
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The cytoskeletal component according to the invention
may be, without being limited thereto, class I1I §-tubulin, the
presence thereof (defining the desired and pre-identified
cytoskeletal profile) providing the cells with resistance to
treatment with a cytotoxic agent.

In one preferred embodiment, the cytotoxic agent is a
microtubule-stabilizing agent such as microtubule-stabiliz-
ing taxanes, including paclitaxel and docetaxel, to which the
desired cell population are resistant (e.g. due to the expression
of class III p-tubulin).

In another preferred embodiment, the cytoskeletal compo-
nent is vimentin, the absence thereof (defining the desired and
pre-identified cytoskeletal profile) providing the cells with
resistance to treatment with, for example, withaferin A.

In accordance with the above, the present invention pro-
vides a method comprising:

providing a population of cells comprising a target type of

differentiated cells having a pre-identified cytoskeletal
profile and at least one cell selected from the group
consisting of differentiated cells being different from the
target type of differentiated cells, undifferentiated stem
cells and progenitor cells;

incubating the population of cells with a cytotoxic agent in

an amount and for a time period effective to form a
modified population of cells comprising predominantly
or consisting essentially of the target type of differenti-
ated cells.

In one embodiment, the modified population of cells is
enriched with or predominantly consists of a single type of
differentiated cells. For example, the single type of differen-
tiated cells may be neuronal cells that have a cytoskeletal
profile including class I1I p-tubulin. The existence of class 111
[-tubulin in the cytoskeleton results in the differentiated cells
being resistant to apoptosis inducing agents (the cytotoxic
agent).

In some embodiments, the modified population of cells is
enriched with or predominantly consists of a single type of
cells selected from myocytes, such as cardiomyocytes; epi-
thelial cells, such as retinal epithelial cells; blood cells; and
bone cells, such as osteocytes.

The present disclosure also provides a population enriched
with differentiated cells (essentially purified) that exhibit a
pre-identified cytoskeletal profile (namely, that carry or lack
a pre-identified cytoskeletal component).

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may
be carried out in practice, embodiments will now be
described, by way of non-limiting example only, with refer-
ence to the accompanying drawings, in which:

FIGS. 1A-1C are images showing that paclitaxel selec-
tively induces cell death of non-neuronal early differentiating
and undifferentiated cells but does not affect mature neurons;
specifically, FIGS. 1A and 1B show examples of undesired
cells that appear in differentiating cultures; with arrows point-
ing to a large colony of undifferentiated cells in FIG. 1A and
to neural rosettes that represent proliferating early neural
precursors/progenitors (NPs) (FIG. 1B); FIG. 1C represents a
paclitaxel-treated culture with a large cluster of apoptotic NPs
(upper arrow) and adjacent unaffected neuronal cells (lower
arrow).

FIGS. 2A-2D are fluorescence images showing a typical
culture comprised of a mixture of neurons and NPs. FIGS.
2A-2B show immunestaining of the mixed culture for §-1I1
tubulin (FIG. 2A; neurons) and for nestin (FIG. 2B; NPs)
(pII-tubulin-neuronal marker; nestin-NPs marker); com-
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pared to a similar culture after paclitaxel treatment (FIGS.
2C-2D) where the cell culture is enriched for $-III tubulin
expressing cells (FIG. 2C), but has a reduced number of
nestin-positive cells (FIG. 2D).

FIGS. 3A-3F are images showing that transplantation of
treated cells (FIGS. 3D-3F) into a rat brain eliminates the
formation of massive tumor formed after transplantation of
untreated mixed culture cells (FIGS. 3A-3C).

FIGS. 4A-4C are images showing that paclitaxel-treated
grafted cells, marked by human nuclear antigen (HNA) (FIG.
4B), express tyrosine hydroxylase (TH) (FIG. 4A), a marker
of dopaminergic neurons. Nuclear counterstaining with
DAPI is presented in FIG. 4C.

DETAILED DESCRIPTION OF NON-LIMITING
EMBODIMENTS

The present invention is based on the understanding that
there is a need in the art for methods of developing essentially
purified populations of differentiated cells, such as neurons
(e.g. dopaminergic), when produced from stem cells or by
transdifferentiation from somatic cells.

Thus, there is provided a method comprising:

providing a population of cells comprising a target type of

differentiated cells having a pre-identified cytoskeletal
profile and at least one cell selected from undifferenti-
ated cells, differentiating cells and differentiated cells
being different from the target type of differentiated
cells;

incubating the population of cells with a cytotoxic agent, in

an amount and for a time period effective to form a
modified population of cells comprising predominantly
or consisting essentially of said target type of differen-
tiated cells.

While the following description refers specifically to the
production of a population of cells predominantly consisting
of'neural cells carrying class I1I p-tubulin, it should be under-
stood that the invention also encompasses the production of
essentially pure populations of other types of cells. The only
criteria, according to the invention, is that the differentiated
cells of interest (the “target type of differentiated cells™) are
characterized by a pre-identified cytoskeletal profile, that is
used as a target for a cytotoxic agent. The cytoskeletal profile
may be the presence or absence of a pre-defined cytoskeletal
component.

The term “population of cells” is used to denote a cell
population comprising a type of differentiated cells of interest
(desired, “target” type of differentiated cells) mixed with at
least one other type of cells selected from differentiated cells
being different from the target type of differentiated cells,
undifferentiated cells and differentiating cells, e.g. progenitor
cells. The mixed population of cells may be obtained from a
culture of undifferentiated stem cells that have been induced
to differentiate thereby forming a cell culture comprising a
population of cells at different stages of differentiation. Alter-
natively, the population of cells may be obtained by transdif-
ferentiation of somatic cells.

The term “target type of differentiated cells” or “target
cells” is used herein to denote cells that have differentiated
from stem cells and exhibit a cytoskeletal profile that allows
the survival of the target cells in a mixed population of cells
following treatment of the population with a cytotoxic agent.

The term “cytoskeletal profile” is used to denote the pres-
ence or absence in the target type of cells of a pre-identified
cytoskeletal component. At times, the profile refers to the
presence of a cytoskeletal component on the target type of
cells, the cytoskeletal component required for survival of the
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cells in the mixed cell population following treatment with a
cytotoxic agent. In some other cases, the profile refers to the
absence of a cytoskeletal component, the absence being
required for survival of the cells (lacking the component) in
the mixed population following treatment with the cytotoxic
agent.

When referring to neural cells as the target type of difter-
entiated cells (being a preferred embodiment of the inven-
tion), the population of cells may include the target (desired)
neuronal cells as well as cells from which the neural cells
differentiate or transdifferentiate. The latter may include cells
selected from the group consisting of pluripotent stem cells,
neural stem cells (NSCs), neural precursors/progenitors
(NPs) (multipotent neural cells) or somatic cells (i.e. in case
of transdifferentiation). The neuronal cells are characterized
in that all express class 111 f-tubulin.

In accordance with this particular embodiment, it is noted
that tubulins are the building blocks of microtubules the latter
being a major cytoskeletal system that plays a key role in cell
migration and polarity, facilitating neurite outgrowth, axono-
genesis, transport and synaptogenesis.

In mammals, tubulins represent about 10% of the total
proteins in the brain. In humans, eight a-tubulin and seven
p-tubulin genes have been identified and are differentially
distributed in tissues. Neural cells incorporate different types
of tubulins according to the specific lineage and state of
differentiation. Specific isotypes confer particular properties
to the neuronal microtubules which may be of importance
during nerve growth.

Microtubule stability is governed by enzymatic activity
(e.g., HDAC®6), tubulin binding/sequestering proteins (e.g.,
stathmin) and by the inherent properties of tubulin isoforms.
Many cytotoxic agents, including newly synthesized small
molecules, are known to affect microtubule stability to an
apoptosis inducing degree. Tubacin, a HDAC6 specific
inhibitor™*°? and belinostat (PXD101) increase microtubule
stability and confer apoptosis. Mature neurons have a unique
composition of microtubules due to the presence of class 111
p-tubulin.

Class III p-tubulin is a unique isoform exclusively
expressed in mature neurons both in vivo and in vitro. Studies
of embryonic brain tissue indicate that this isotype is
expressed by terminally differentiating neurons but not by
proliferative ones™!. It has also been shown that cells
expressing high levels of class III p-tubulin, such as tumor
cells, exhibit resistance to the microtubule-targeting cyto-
toxic agent paclitaxel™2!,

Other cytoskeletal components that may be used in the
selection of target differentiated cells in accordance with the
invention are intermediate filaments (IF). IFs play roles in
scaffolding and structure stabilization. Five major types of I[F
proteins are currently known to be expressed in mature cells,
such as in mature neurons, but many others are expressed at
earlier developmental stages and are gradually replaced by
the later expressing one!'*!. The replacement of the IF pro-
teins, or in other words, their absence from the cells may be
used to select from the population of cells only those thathave
matured (i.e. fully differentiated) and therefore lack the early
stage IF proteins. For example, nestin is expressed in the
earliest stage of neural development but is suppressed down-
stream the development!*#, vimentin, a typical mesenchymal
IF is found also in early stages of neural differentiation and
declines with maturation while being replaced by other IF
such as alpha-internexin™>!. Thus, the use of an apoptotic
inducing agent that targets early stage IF proteins may be used
to select for matured neural cells that no longer express these
Ifs and have therefore become resistant. An example of such
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an agent is Withferin A. Withferin A is a cytotoxic agent from
the family of withanolides which binds to vimentin by
covalently modifying a conserved cystein residue*¢!. By
aggregating vimentin, Withferin A interferes with F-actin and
induces apoptosis.

The method of the invention thus employs a selection
approach based on differential cytoskeletal components of
different cell types in a culture system. The population of cells
in the culture prior to treatment may comprise, inter alia,
pluripotent stem cells, multipotent stem cells (e.g. neural
stem cells (NSCs), neural precursors/progenitors (NPs)) and
somatic transdifferentiated cells and the method may select
only those cells in the culture that show a define cytoskeletal
profile, i.e. the presence or lack of a cytoskeletal component.

In accordance with the invention, the cytoskeletal compo-
nent allows selectivity of the cells to the cytotoxic agent. The
effect of the cytotoxic agent, such as an apoptosis inducing
agent may be on cells that lack the cytoskeletal component
(the component providing resistance to the agent) or on cells
that have the cytoskeletal component (the agent being selec-
tive to the component and thus inducing apoptosis only in
those cells).

The possibility to select and purify a culture system of fully
differentiated cells from a mixed population comprising non-
differentiated, differentiating cells (e.g. precursors) and/or
other types of differentiated cells has many advantages, as
would be appreciated by those versed in the art. For example,
transplantation of a mixture of mature and differentiating
cells often leads to the development of teratomas or neural
tumor formation. In this connection, the inventors have found
that upon or following transplantation of populations
enriched with, predominantly consisting or consisting essen-
tially only of class III p-tubulin expressing neuronal cells
there was minimum or no risk of developing teratoma and/or
neural tumor formation by the transplanted cells or risk of
having non-neuronal cells within neurons grafted into a living
body.

Populations of class III B-tubulin expressing neurons may
also be useful for drug discovery, high throughput screening
of molecules with various effects including but not limited to
neurotoxic effect, neuroprotective effect, electrophysiologi-
cal effect, differentiation and maturation inducing effect,
drug induced teratogenic effect and others.

In accordance with some embodiments, the population of
cells is obtained from undifferentiated pluripotent SCs in a
culture system that supports the differentiation of the undif-
ferentiated pluripotent SCs to form a mixed cells population
enriched with one or more subtypes of neuronal cells that
express class III f-tubulin. Neuronal cells include dopamin-
ergic, gabaergic. cholinergic or glutamatergic cells.

As a result of incubation in a culture system that supports
the differentiation of the undifferentiated pluripotent SCs, the
resulting population may also comprise undesired (regarded
contaminating) cells. When the system is induced to differ-
entiate into neuronal cells the population of cells may include
undesired cells, such as one or more of glia cells, a myriad of
neural and neuronal progenitors, undifferentiated SCs and
non-neural cells. This mixed population is then treated in
accordance with the invention, with a cytotoxic agent that
allows the “purification” of the population to remove any
undesired cells.

While referring to neuronal cells, it is appreciated that the
stem cells may be induced to differentiation into a variety of
other somatic cells. Thus, in the context of the present inven-
tion, the term “stem cells” as used herein refers to cells which
under suitable conditions are capable of differentiating into
other cell types having a particular, specialized function (i.e.,



US 9,243,225 B2

7

“differentiated” cells) while under other suitable conditions
are capable of self renewing and remaining in an undifferen-
tiated state as detailed below. A “cell” as used herein refers to
a single cell as well as to a population of (i.e. more than one)
cells. A cell population may be a pure population comprising
one cell type. Alternatively, a cell population may comprise
more than one cell type. As noted above, the stem cells may
be, in accordance with the present invention, pluripotent stem
cells as well as multipotent stem cells.

The term “pluripotent stem cells” as used herein, refer to
stem cells which can give rise to any differentiated cell types
in an embryo or an adult, preferably including germ cells
(sperm and eggs) as well as pluripotent stem cells obtained by
in vitro techniques known in the art.

Pluripotent SCs express biological markers which are used
to identify pluripotent SCs as well as to verify that the cells in
the culture are maintained in an undifferentiated
statel! 718191 A non-limiting list of such cell markers com-
prise stage-specific embryonic antigens such as SSEA-3 and
SSEA-4; antibodies to specific extracellular matrix molecule
which are synthesized by undifferentiated pluripotent SC,
such as TRA-1-60, TRA-1-81, and GCTM-2; elevated
expression of alkaline phosphatase, which is associated with
undifferentiated pluripotent SCs; and transcription factors
unique to pluripotent SCs and which are essential for estab-
lishment and maintenance of undifferentiated SCs, such as
OCT-4, Nanogt“!,

In some embodiments, the cells may also be identified by
the lack of expression of markers that are typically present on
differentiated cells. For example, markers that are present in
neuronal lineages and will not be present in pluripotent cells
include, PSA-NCAM (marker for neural cell); FGF-5 (related
to early ectodermal differentiation of neural precursors);
PAX-6 and nestin; 3CB2 (markers for radial glia/neural stem)
[p-III tubulin (marker of neurons) and thyrosine hydroxylase
(TH), (markers for dopaminergic), GABA (marker for
gabaergic) and glutamate (marker for glutamaergic); and
enlagraid-1 (En-1) (the co-expression of which with TH
being a marker for midbrain dopaminergic neurons).

Pluripotent SCs can be obtained using well-known cell-
culture methods. For example, pluripotent stem cells may be
obtained by inducing reprogramming of somatic cells and are
referred here as “induced pluripotent stem (iPS) cells”.
Induced pluripotent stem cells are derived from somatic cells
by various means, including, but not limited to, forced expres-
sion of transcription factors, growth factors, small molecules,
and others, that reprogram the somatic cell to become pluri-
potent stem cellsZ111221123],

The pluripotent stem cells are, in accordance with some
preferred embodiments, embryonic stem (ES) cells. “Embry-
onic stem cell” or “pluripotent embryonic stem cell”, which
are also referred to as an “ESC” are pluripotent cells obtained
from embryonic tissue formed after fertilization, parthenoge-
netic activation, and somatic cell nuclear transfer. The ESC
may be developed from human blastocysts, morulas, cleavage
stage embryos or blastomeres or from embryonic germ (EG)
cells obtained from the genital tissue of a fetus any time
during gestation, preferably before 10 weeks of gestation.
Pluripotent stem cells can also be obtained from the human
gonad after birth for example from human testis.

Human blastocysts are typically obtained from human pre-
implantation embryos, from in vitro fertilized (IVF) oocytes,
parthenogenetically activated oocytes or following somatic
cell nuclear transfer. Alternatively, a human embryo single
cell can be expanded to the cleavage stage, morula or blasto-
cyst stage. For the isolation of human ESC from blastocysts,
most commonly the zona pellucida is removed from the blas-
tocyst. The whole blastocyst may be used to derive stem cells
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or alternatively, the inner cell mass (ICM) is isolated by
immunosurgery, in which the trophectoderm cells are lysed
and removed from the intact ICM by gentle pipetting. The
ICM may be isolated by any alternative method including
mechanical methods or with the assistance of laser**!. The
ICM, blastomeres or whole intact blastocyte is then plated in
a tissue culture flask containing the appropriate medium
which enables its outgrowth. Following 9 to 15 days, the
outgrowth is dissociated into clumps either by a mechanical
dissociation or by an enzymatic degradation and the cells are
then re-plated on a fresh tissue culture medium. Colonies
demonstrating undifferentiated morphology are individually
selected by micropipette, mechanically dissociated into
clumps, and re-plated. Resulting ES cells are then routinely
splitevery 1-2 weeks. For further details on methods of prepa-
ration human ES cells?>271,

Commercially available human ES cells (hESCs) can also
be used in accordance with the invention. hESCs can be
purchased from the NIH human embryonic stem cells regis-
try. Non-limiting examples of commercially available embry-
onic stem cell lines are BG01, BG02, BG03, BG04, CY12,
CY30, CY92, CY10, TEO3 and TE32.

In accordance with some other embodiments, the popula-
tion of cells is obtained by transdifferentiation of somatic
cells, for example, mouse and human fibroblasts. Transdif-
ferentation includes forced expression of transcription factors
which are converted into functional neurons, for example,
dopaminergic neuronal cellst>*.

The population of cells obtained by transdifferentiation
may comprise the target cells, such as neuronal cells as well as
other types of cells. Thus, treatment of the cell population
resulting from transdifferentiation with a cytotoxic agent, as
disclosed herein, allows the “purification” of the population
to remove any undesired cells.

The term “undifferentiated cells” as used herein, refer to
stem cells that have the ability to form any adult cell; the term
“differentiating cells” as used herein, refer to cells obtained
from undifferentiated stem cells but that have not yet matured
into fully differentiated cells, e.g. precursor cells; and the
term “differentiated cells” as used herein, refer to fully spe-
cialized (mature) cells obtained from undifferentiated or dif-
ferentiating cells.

“Undifferentiated pluripotent SC” are true pluripotent if
they: (i) are capable of prolonged (more than 3 weeks, more
than 4 weeks and at times even more than 10 weeks) prolif-
eration in vitro in an undifferentiated state; and (ii) are
capable of differentiation to derivatives of all three embryonic
germ layers (endoderm, mesoderm, and ectoderm) even after
prolonged culture. Human ES cells (hES cells) are derived
from fertilized embryos that are less than one week old (in the
cleavage or blastocyte stage) or produced by artificial means
(such as by nuclear transfer) that have equivalent character-
istics. In some embodiments, the undifferentiated pluripotent
SC are Undifferentiated Pluripotent iPS cells” or “Undiffer-
entiated ESC”, having the above characteristics.

“Multipotent stem cells” are stem cells which are capable
of giving rise to many, but limited, number of cell types. For
example, a hematopoietic stem cell can give rise to several
types of blood cells but not into brain cells or other types of
cells. When referring to the selection of neural cells, the stem
cells in the mixed population may comprise neural stem cells
(NSC) and neural precursors (NP), which may be derived
from pluripotent stem cell or from the brain of aborted fetuses
or from the post natal brain at any age.
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Various methods for directing differentiation of undiffer-
entiated stem cells are known in the art and all are equally
applicable for forming a mixed population in accordance with
the method of the invention.

Also, it is appreciated that the mixed population of cells
may be available commercially and therefore be purchased
for use in the method of the invention.

A variety of culture systems are known in the art to promote
specific differentiation of stem cells to a specifically desired
population of somatic cells. For example only and without
being limited thereto, a culture system that supports the
directed differentiation of SCs into neural precursor cells may
comprise a basic medium supplemented by FGF2 and/or
noggin, as described, for example by Itsykson, P., et al.[*%],
Further, for example, a culture system that supports the
directed differentiation into dopaminergic neuronal cells ini-
tially comprises a medium supporting differentiation into
neural precursor cells, which are in turn directed into dopam-
inergic neuronal cells by the supplementation of the medium
with at least one of sonic hedgehog (SHH), purmorphamine
(an activator of the SHH signaling), fibroblast growth factor
(FGF), or a member of the Wnt family.

In one embodiment, the basic medium in supporting stem
cell differentiating into somatic cells is selected from Neu-
robasal™ (Gibco, Invitrogen cell culture, USA Cat. No.
21103-049 1998/1999), DMEM-F12 (Gibco, Invitrogen cell
culture, USA Cat. No. 11320-033), Cellgro Stem Cell
Growth Medium (Cat No. 2001 CellGenix Germany 2005),
KO-DMEM (Cat. No, 10829-018 Gibco 1998/1999) and
X-Vivo 10 (Cat. No. 04-380Q Lonza Switzerland 2007).
Most preferably the present invention makes use of DMEM-
F12 as the basic medium (i.e. the basic media consists essen-
tially of DMEM-F12). DMEM-F12 is known in the art of cell
cultures and is commercially available.

The culture medium may be further supplemented by other
components known to be used in cell cultures, such as and
without being limited thereto:

N2 supplement (Gibco-Invitrogen)

B27 supplement (Gibco-Invitrogen)

a member of FGF family (e.g. FGF2);

extracellular matrix (ECM) component (e.g. fibronectin,
laminin, collagen and gelatin);

antibacterial agents (e.g. penicillin and streptomycin);

non-essential amino acids (NEAA);

Ascorbic acid

neurotrophin (e.g. GDNF, BDNF, NT3, NT4). The neutro-
phins are known to play a role in promoting the survival
of' SCs in culture);

Nicotinamide (NA) known to assist in the prevention of
differentiation of cells into extraembryonic lineages and
in the maintenance of the cells in undifferentiated state,
aswell as to promote the cells’ survival and proliferation
(WO 03/104444)),

Bone morphogenic protein (BMP) antagonist. It is noted
that under culture conditions that support undifferenti-
ated proliferation of hESCs noggin (a BMP antagonist)
prevents extraembryonic background differentiation of
hESCs. While under conditions that promote differen-
tiation, noggin is known to prevent the differentiation to
non-neural lineages, favoring the differentiation to a
neural fate. The BMP antagonist may be selected from,
without being limited thereto, noggin, chordin, or grem-
lin.

Depending on the specific composition of the culture sys-
tem, the nature of the SC-derived population may be a priori
determined. In other words, the undifferentiated SCs may be
induced to differentiate into a specific and pre-selected fate.
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To this end, the undifferentiated SCs are cultivated in a culture
system comprising a medium that directs differentiation to a
specifically desired population of somatic cells, thereby pro-
viding a population of cells highly enriched for a specific cell
type (desirably, a pure population of cells of a single type). A
variety of essentially single type somatic cell populations
may be derived from undifferentiated SCs and those versed in
the art will know how to select the medium components and
establish the desired differentiation inducing culture system
which directs the specific differentiation of the latter to the
desired population of somatic cells.

For example and without being limited thereto, directing
differentiation of undifterentiated and pluripotent SCs to neu-
ral precursor cells or neural stem cells may be obtained by
cultivating the SCs in a differentiation inducing culture
medium comprising DMEM/F12 medium (Gibco) supple-
mented with B27 (1%, Gibco) (DMEM/F12/B27 medium),
FGF-2 (20 ng/ml) and noggin (750 ng/m, R&D Systems, Inc.,
Minneapolis, Minn.) as exemplified herein below and also by
Itsykson, P, et al.'*®), or by Reubinoff et al.**!,

Further, for example, directing differentiation of SCs to
midbrain dopamineric neuronal cells may be obtained by first
inducing differentiation into neural precursor cells, such as
described above, followed by cultivation of the neural pre-
cursor cells in a basic medium, such as DMEM/F12/B27
medium supplemented with at least one of fibroblast growth
factor, preferably fibroblast growth factor 8 (FGF8) and sonic
hedgehog (SHH), a member of the Wnt family, preferably
Wnt 1, as exemplified below and also described by Kim T E
et al.*°). Co-culture with cells that promote midbrain differ-
entiation such as the PA6 stromal cells, or midbrain astrocytes
may be also used.

The resulting cells may be further differentiated into mid-
brain dopaminergic neurons in the presence of one or more of
a member of the Wnt family, such as, Wnt5a, at least one or
more of an FGF, such as FGF20, and any one of dibutyryl
cyclic AMP (dbCAMP), glial cell derived neurotrophic factor
(GDNF), transforming growth factor $3 (TGFp3), ascorbic
acid, Neurotrophin 3 and 4 (NT3 and NT4).

Further as an example, the undifferentiated and pluripotent
SC may be directed to differentiate into any other sub-type of
peripheral or central nervous system neurons or glia cells
including, without being limited thereto, gabaergic and
glutamaergic neurons, first by inducing differentiation into
neural precursor cells, such as described above, followed by
cultivation of the neural precursor cells in a basic medium,
such as DMEM/F12/B27 medium supplemented with differ-
entiation inducing factors and survival promoting factors
such as ascorbic acid, NT3 and NT4.

The differentiation of the stem cells results in the popula-
tion of cells comprising the desired cells, namely, those
exhibiting the pre-defined cytoskeletal profile, and undesired
cells, the elimination of which is desired.

The term “undesired cell(s)” is used to denote any cell
whether other than the target type of cells and includes a
single cell or in an aggregation/cluster of cells, the undesired
cell lacking the pre-identified cytoskeletal profile. As indi-
cated above, the pre-identified profile is required for the selec-
tive survival and separation of a specific type (the “target
type”) of differentiated cells (i.e. cells of interest) from other
types of differentiated cells in the population and/or from
cells in the population at earlier stages of differentiation (e.g.
from their precursors).

Such undesired cell(s) may interfere with the function of
the differentiated cells in both in vitro and in vivo applica-
tions. For example, the undesired cells may result in, or cause
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a disease, disorder or pathological condition in a subject
following cell transplantation, as discussed above.

When starting from undifferentiated SC, these may be
incubated for several hours, preferably one day and at times
even several days, e.g. a week to obtain a mixed population of
cells comprising at least the target type of differentiated cells.
For example, the thus obtained, mixed population of cells,
may comprise neuronal cells among other types of cells. The
cells in the culture system are then refreshed with the same or
different culture medium (the “refreshing medium™). For the
purpose of maintaining only the desired, “target type” (e.g.
neuronal cells), the refreshing medium is then supplemented
with an amount of the cytotoxic agent. In the case of neuronal
cells, the cytotoxic agent is an apoptosis inducing agent, e.g.
microtubule stabilizing agent. The amount of the agent is
sufficient to induce apoptosis in cells that are lacking the
desired profile.

A “cytotoxic agent”, in the context of the present invention,
is an agent that when brought into contact with the cells in the
mixed population, it causes death of only cells lacking the
pre-identified profile (e.g. expressing or lacking the pre-iden-
tified cytoskeletal component that confer, respectively, resis-
tance or sensitivity to this agent). The death may be pro-
grammed cell death, namely, apoptosis, or death as a result of
necrosis.

In one embodiment, the cytotoxic agent is an apoptosis
inducing agent, namely, an agent that induces cell death only
in cells expressing or lacking the pre-identified cytoskeletal
component that confer, respectively, resistance or sensitivity
to this agent.

One preferred example of an apoptosis inducing agent is a
microtubule stabilizing agent. A microtubule stabilizing
agent is any agent that binds to a cytoskeletal component of a
cell type and thereby inhibits or prevents mitotic division of
these cells. Microtubule stabilization may be as a result of
binding of the agent to a tubulin isotope specific to a cell type;
an effect on enzymatic activity, sequestration of proteins, etc.
As indicated above, neural microtubules differ spatially and
temporally in the type of tubulins that they incorporate and
specific isotopes confer particular properties to the neuronal
microtubules.

Numerous microtubule-targeting agents currently
approved or in clinical development, include the taxanes,
such as paclitaxel, docetaxel, vinblastine, vincristine, colchi-
cines, combretastatin, epothilones and taccalonolides which
are plant-derived compounds.

Another example of cytoskeleton-based apoptosis induc-
ing agent is withaferin A that targets the intermediate filament
vimentin. Cells gradually replace vimentin with internexin
and neurofilaments, and thereby become insensitive to the
apoptosis inducing agent, withaferin A. Similarly, cardi-
omyocytes stop expressing vimentin upon final differentia-
tion and thus expected to show resistance to withaferin A,
allowing the selection of differentiated cells from mixed cul-
tures.

Yet other cytoskeletal components may be cytokeratins
expressed in epithelial cells. Phorboxazoles A and B that have
a tumor growth arrest activity, as well as their synthetic ana-
logs were shown to bind cdk4 to cytokeratins and prevent the
translocation of cdk4 to the nucleus. This caused the arrest of
cell cycle progression®*1. Thus, cells which do not express
cytokeratins may not be affected by the cytotoxic agent and
his is used, in accordance with the invention, to select and
isolate non-epithelial cells in mixed cultures.

Incubation with the cytotoxic agent, such as microtubule-
targeting agent is for a time period and in an amount sufficient
to modify the mixed cell population. When the agent is a
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microtubule-targeting agent, the time and amount are suffi-
cient to modify a population comprising neuronal cells to
cause death (eliminate) cells that do not express class III
p-tubulin and thus not resistant to the treatment with micro-
tubule targeting agent. These cells that do not express class 11
p-tubulin are typically non-neuronal cells. In this particular
example, the selected cells in the modified population of cells
are those expressing the desired and pre-identified cytoskel-
etal component which confers resistance to microtubule-tar-
geting agent (i.e., class III p-tubulin). In other words, the
modified neuronal population is enriched for the target
cytoskeletal component, thus resistant to the treatment with
the microtubule targeting agent.

The time period and amount of the cytotoxic agent required
to affect modification of the cell population is determined by
morphological assessment for absence of rosettes and undif-
ferentiated colonies in live cultures and by detection of mark-
ers for mature cells vs. markers for earlier progenitors (e.g.
class III p-tubulin, vs. nestin and Otx2 when directing difter-
entiation to neural cells) in equivalent samples. Apoptotic
and/or necrotic cell numbers will also be determined by stan-
dard methods (e.g. annexin V, propidium iodide inclusion) at
different time points and with different amounts of the agent.
Typically, incubation with the apoptosis inducing agent
would be for several hours. In one embodiment, the time of
incubation with the agent is between 12 hours to 48 hours.

Once the modified cell population is obtained the cytotoxic
agent is removed, i.e. the medium is replaced with a fresh
medium so as to allow recovery and enrichment of the modi-
fied cell population suitable for transplantation or other appli-
cations.

In one embodiment, the apoptosis inducing agent is pacli-
taxel and the modified population of cells comprising pre-
dominantly only dopaminergic neurons.

The resulting cell population comprising predominantly
cells of the desired profile, e.g. expressing the pre-defined
cytoskeletal parameters, such as class III f-tubulin, may be
used, for instance, for preventing the in situ development,
following transplantation, of undesired populations of cells.
Undesired population of cells may include, without being
limited thereto, rosette structures (i.e., a typical rounded
colony of early neural progenitors, with or without a lumen)
and flat clusters of undifferentiated pluripotent stem cells.
The rosette structure may include, without being limited
thereto, teratoma and bulky neural tumor masses.

The term “population (of cells) comprising predomi-
nantly” which is used herein interchangeably with “popula-
tion (of cells) consisting essentially of” is used to denote a
population wherein at least 90%, at times 95%, at time even
99% or even 100% of the cells exhibit the pre-identified and
desired cytoskeletal profile. The term “essentially” in this
context denotes that no undesired cells are detected in the
culture by means acceptable and available in the art. In one
embodiment, the modified cell population comprises 100%
of'the cells exhibit the pre-identified and desired cytoskeletal
profile or in other words, does not detect the presence of cells
that do not exhibit the pre-identified and desired cytoskeletal
profile (using conventional techniques). The present disclo-
sure also provides a cell culture consisting of a target type
differentiated cells produced by in vitro treatment of a popu-
lation of mixed cells with a cytotoxic agent, and preferably an
apoptosis inducing agent selective to a pre-identified cytosk-
eletal profile characterizing (as explained herein) the target
type of differentiated cells, the population of mixed cells
comprising the target type of differentiated cells and at least
one cell selected from the group consisting of undifferenti-
ated cells, differentiating cells (e.g. progenitor cells) and dif-
ferentiated cells being different from the target type of difter-
entiated cells.
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During the different incubation stages, culture media may
be refreshed at least every 2-3 days and most preferably at
least every 2 days. Further, it is appreciated that the different
stages may comprise different media replacements, e.g. at
times only the replacement of the basic medium, and at other
time points, the replacement of the basic medium comprising
one or more of the supplements.

It is also appreciated that as a result of cells expansion, the
cells may proliferate into large clusters. Thus, cell manipula-
tions may be performed so as to disaggregate the big clusters
of cells. The essentially disaggregated cells may then be
transferred to suitable tissue culture carriers (e.g. dishes, cul-
ture tubes, culture bioreactors, etc.) for continued expansion.

It is appreciated that certain features disclosed herein,
which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
present disclosure, which are, for brevity, described in the
context of a single embodiment, may also be provided sepa-
rately or in any suitable sub-combination.

Although the present disclosure has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated in their
entirety by reference into the specification.

Asused in the specification and claims, the forms “a”, “an”
and “the” include singular as well as plural references unless
the context clearly dictates otherwise. For example, the term
“a stem cell” includes one or more stem cells and the term
“stem cells” includes one stem cell as well as more than one
stem cell.

As used herein, the term “or”” means one or a combination
of two or more of the listed choices.

Further, as used herein, the term “comprising” is intended
to mean that the methods and culture systems includes the
recited elements, but does not exclude others. Similarly,
“consisting essentially of” is used to define methods and
systems that include the recited elements but exclude other
elements that may have an essential significance on the func-
tionality of the culture systems of the inventions. For
example, a culture system consisting essentially of a basic
medium and medium supplements will not include or will
include only insignificant amounts (amounts that will have an
insignificant effect on the propagation of cells in the culture
system) of other substances that have an effect on cells in a
culture. Also, a system consisting essentially of the elements
as defined herein would not exclude trace contaminants.
“Consisting of” shall mean excluding more than trace
amounts of other elements. Embodiments defined by each of
these transition terms are within the scope of this invention.

Further, all numerical values, e.g., concentration or dose or
ranges thereof, are approximations which are varied (+) or (-)
by up to 20%, at times by up to 10%, from the stated values.
It is to be understood, even if not always explicitly stated that
all numerical designations are preceded by the term “about”.
It also is to be understood, although not always explicitly
stated, that the reagents described herein are merely exem-
plary and that equivalents of such are known in the art.

NON-LIMITING EXAMPLES
Materials and Methods
Cells and Reagents:

hES1, human embryonic stem cell line!*®! (included in the
NIH registry), Primary human foreskin fibroblasts (passage
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17-21) (Mitomycin C-treated) used as feeders for hESI cells.
Laminin 1 (Trevigen, USA), Poly-D-lysine (Sigma), Pacli-
taxel (Sigma and EMD, USA), basic FGF, FGF8, SHH,
BDNF, GDNF, TGFp3, NT4 (Peprotech Asia, Rehovot,
Israel).

Antibodies:

Tujl (mouse mAb, Sigma, or rabbit monoclonal—Co-
vance, N.J., USA), Tyrosine Hydroxylase (rabbit polyclonal,
Pelfreeze, Ark., USA), nestin (rabbit polyclonal, Millipore,
Mass., USA).

Induction of Neural Differentiation:

hES1 colonies grown on HFF feeders in DMEM supple-
mented with knockout (KO) serum replacement, PenStrep,
non-essential amino-acids and glutamine (Invitrogen, USA),
were enzymatically detached by collagenase. Intact colonies
were transferred to non-adhesive culture plates to form neu-
rospheres in NSC medium (DMEM-F12 medium, N2, B27,
PenStrep and Glutamine) supplemented with noggin (Pepro-
tech Asia, Rehovot, Israel) and 20 ng/ml bFGF. Spheres were
grown for 3-5 weeks in suspension, collected, triturated and
plated on 10 ng laminin/poly-D-lysine-coated coverslips in
NSC medium supplemented with FGF8 and SHH for 6-8-
days. At this stage, cells were treated with the appropriate
concentrations of paclitaxel for 18-24 hours. Paclitaxel was
then removed and cells were allowed to recuperate and con-
tinue with the differentiation process for additional 6-8 days
in NSC medium with BDNF, GDNF, TGFf3, NT4, cAMP,
ascorbic acid.

Alternatively, cells at the end of the differentiation pro-
cess—the cells are grown as spheres in suspension for 3-5
weeks and 2 more weeks as adherent culture: 1 week FGF8/
SHH+1 week factors) are subjected to paclitaxel treatment.

Paclitaxel Treatment:

Paclitaxel was added to cells at 2 ranges of concentrations
0f0.2-20 nM and 100-500 nM. Cells are incubated at 37° C.,
in 5% CO,, 5% O,. Incubation times vary between 2 hours
and 48 hours.

Withaferin A Treatment:

Withaferin A (WTA) 0.5-2 uM is added to cells for 4-24
hours at 37° C., in 5% CO,, 5% O,.

Medium is then removed and cells are washed with PBS
(with Ca and Mg).

Cells are either incubated in growth medium for recovery
overnight or harvested immediately after removal of WTA.

Cell rounding serves as the initial morphological indica-
tion for the onset of apoptosis and general cell viability is
determined by Trypan Blue exclusion.

Cell Transplantation:

6-Hydroxydopamine (8 pg/rat) was stereotaxically
injected (in a 4 uL. solution) into the right substantia nigra of
male Sprague-Dawley rats weighing 250-280 g; coordinates
of injection: P=4.8, [.=1.7, H=-8.6 from bregma. Fourteen
days after 6-hydroxydopamine injection, rats were selected
for transplantation if they had >350 rotations per hour after
s.c. injection of apomorphine (25 mg/100 g body weight)
(apomorphine being injected after 14 days) and, if 2 days later
(after apomorphine injection) they also had >360 (mean
520+£38) rotations per hour after i.p. injection of D-amphet-
amine (4 mg/kg).

Two to five days later (after the D-amphetamine injection),
differentiated hESC that were induced according to the above
specified protocols, either paclitaxel-treated or control-
treated (DMSO), were detached with collagenase and were
transplanted, 400,000 cells in 12 pl./animal along two tracts
per striatum (coordinates: antero-medial tract, A=1, =2,
H=-7.5 to —4; posterio-lateral tract, A-P=0, =3.5, H=-7.5
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to -4.5). All rats received daily i.p. injections of 10 mg
cyclosporine A per kg (Sandimmune; Novartis, Basel, Swit-
zerland).

Brain Immunohistochemistry:

Rats were euthanized by overdose of pentobarbital and
perfused with 4% paraformaldehyde saline. Serial 8 um coro-
nal frozen sections were prepared. Immunofluorescent stain-
ing was performed using the following primary antibodies:
Human nuclear antigen (HNA), tyrosine hydroxylase (TH),
nestin and diamidino-2-phenylinodole (DAPI). Secondary
antibodies Donkey anti-mouse IgG Alexa 488-conjugated or
Rhodamine RedX-conjugated, Donkey anti-rabbit IgG Alexa
488 conjugated (Jackson Immunoresearch-) were used
according to the primary antibody species.

Results

The above basic protocol for generation of dopaminergic
(DA) neurons from pluripotent cells was developed#1(321127]
and uses chemically defined culture conditions for the con-
trolled conversion of hESCs, initially into uncommitted neu-
ral precursors. This protocol was used here to obtain a popu-
lation enriched for DA neurons of mid-brain phenotype. At
the end of the differentiation period the culture contained
neuronal population with 20-30% DA neurons, glia cells and
a myriad of neural and neuronal progenitors. Despite the
prolonged differentiation period, a minute number of undif-
ferentiated hESCs persisted which maintains high prolifera-
tive capacity. Similarly, a small number of very early and
proliferative neural progenitors existed in the heterogeneous
cultures. These two populations under proper nourishing con-
ditions (i.e., in-vivo brain tissue) expanded rapidly and
formed teratomas and bulky neural tumor masses.

By treatment of the population at the end of the differen-
tiation period with paclitaxel, the elimination of both undif-
ferentiated hES cell colonies as well as highly proliferative
early neural progenitors was possible. The in vitro studies
demonstrated that following treatment with paclitaxel, the
population of cells that express markers of early neural pro-
genitors such as nestin declined, while the cultures were
enriched with neurons that express class III §§ tubulin.

FIGS. 1A-1C show that undifferentiated cells as well as
early neural progenitors that typically form rosette structures
undergo apoptosis after treatment with paclitaxel (FIGS. 1A
and 1B), whereas mature cells with typical neuronal morphol-
ogy are unaffected by the treatment (FIG. 1C).

The effect of paclitaxel treatment on a mixture of a typical
culture comprised of a mixture of neurons and NPs is shown
in FIGS. 2A-2D. As shown in FIGS. 2A and 2B, the mixed
culture expressed neurons and NPs as indicated by the posi-
tive staining of §-1I1 tubulin, which is a neuronal marker (FIG.
2 A showing neurons) and of nestin, which is a marker of NPs
(FIG. 2B; showing NPs). The effect of paclitaxel treatment on
a similar culture is shown in FIGS. 2C and 2D, indicating that
the cell culture is enriched for $-III tubulin expressing cells
(FIG. 2C), but has a reduced number of nestin-positive cells
(FIG. 2D).

These results support the hypothesis that non-neuronal
cells are considerably affected by paclitaxel, whereas mature
neurons that express class I1I $-tubulin are more resistant.

The in-vitro results indicate that the proposed method for
selection, based on the resistance of class III §§ tubulin-ex-
pressing neuronal cells to the apoptotic induction by pacli-
taxel, is effective in eliminating non-neuronal cells including
undifferentiated stem cells and neural progenitor cells which
give rise to tumors in vivo.

These results were further supported by in vivo studies,
where the efficient removal of tumor-forming cells in the
animal model of Parkinsonian rats (6-OH dopamine-lesioned
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rats) was evaluated. Paclitaxel-treated cells and untreated
cells were transplanted into rat brains. Out of 9 animals which
were transplanted with cell preparations treated with 20-50
nM paclitaxel, none developed tumors, while all 6 control
animals which were transplanted with untreated cells devel-
oped large tumors, 5-8 weeks post transplantation. As shown
in FIGS. 3A-3F, animals transplanted with paclitaxel-treated
cell preparations did not develop any kind of tumor, as the
neuronal graft of paclitaxel-treated cells that was observed in
the transplanted striatum, showed no evidence for tumor for-
mation (FIGS. 3D-3F). In contrast, animals transplanted with
untreated cell preparations developed tumor masses of differ-
ent sizes at the site of transplantation (FIGS. 3A-3C). Tumor
cells expressed specific human nuclear antigen (HNA) indi-
cating their human origin (FIGS. 3A, 3D), the early neuronal
progenitor marker nestin (FIGS. 3B, 3E) and were further
stained with diamidino-2-phenylinodole (DAPI) to label total
nuclei (FIGS. 3B, 3D).

The results in FIGS. 4A-4C further show that paclitaxel-
treated grafted cells, marked by human nuclear antigen (FIG.
4B), express tyrosine hydroxylase (FIG. 4A), a marker of
dopaminergic neurons. Counterstaining of nuclei with DAPI
is presented in FIG. 4C. Thus dopaminergic neurons that were
resistant to paclitaxel-treatment in vitro were successfully
engrafted into the brain of the Parkinsonian rats.

Collectively, the in vivo results show that the proposed
method for selection, based on the resistance of class 111
tubulin-expressing neuronal cells, could eliminate tumor
forming cells, while the desired neuronal cells, and more
specifically dopaminergic neuronal cells were successfully
transplanted post selection.
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The invention claimed is:

1. A method for obtaining a population of cells, the method
comprising:

providing a population of cells comprising a target type of

differentiated cells having a pre-identified cytoskeletal
profile and at least one cell selected from the group
consisting of undifferentiated cells, differentiating cells
and differentiated cells being different from the target
type of differentiated cells; and

incubating the population of cells with a cytotoxic agent

selective to a pre-identified cytoskeletal profile charac-
terizing the target type of differentiated cells, in an
amount and for a time period effective to selectively
provide a modified population of cells being enriched
with the target type of differentiated cells,

wherein the modified population comprises at least 90% of

the target type of differentiated cells, and

wherein when transplanted into a subject, the modified

population of cells do not develop rosette structures.

2. The method of claim 1, wherein the population of cells
comprises neural cells, and neuronal cells.

3. The method of claim 1, wherein the pre-identified
cytoskeletal profile comprises presence of tubulin on the tar-
get type of differentiated cells.

4. The method of claim 3, wherein the tubulin is class III
p-tubulin present on the target type of differentiated cells.

5. The method of claim 3, wherein the cytotoxic agent is
paclitaxel.

6. The method of claim 1, wherein the population of cells is
obtained from stem cells that are incubated with a culture
medium that promotes differentiation into the target type of
differentiated cells to form the population of cells.

7. The method of claim 1, wherein the population of cells is
obtained from somatic cells that are induced to transdifferen-
tiate into the target type of differentiated cells to form the
population of cells.

8. The method of claim 1, wherein the modified population
of cells comprises at least 95% differentiated cells.

9. The method of claim 8, wherein the modified population
of cells comprises essentially 100% differentiated cells.

10. The method of claim 1, wherein said modified popula-
tion of cells comprises dopaminergic neurons.
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